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$EVWUDFW :DWHU SXPSLQJ V\VWHPV SRZHUHG E\ VRODU DQG ZLQG HQHUJ\ DUH D FOHDQ
GHFHQWUDOLVHG DQG HFRQRPLFDO DOWHUQDWLYH IRU WKH LUULJDWLRQ RI FURSV 7KH LQWHQVH GURXJKWV
H[SHULHQFHGRYHUWKHODVWIHZ\HDUVLQ1RUWKHUQ&RORPELD±GXHWRWKHLQIOXHQWLDO(O1LxR
SKHQRPHQRQ±KDYH UHDFWLYDWHG WKHQHHG IRU UHOLDEOHZDWHUSXPSLQJ LUULJDWLRQ V\VWHPV LQ
WKH UHJLRQ 7KLV VWXG\ DLPV WR DVVHVV WKH WHFKQRHFRQRPLF IHDVLELOLW\ RI VRODU DQG ZLQG
EDVHG SXPSLQJ LUULJDWLRQ V\VWHPV WDNLQJ DV D FDVH VWXG\ WKHPXQLFLSDOLW\ RI3LRMy LQ WKH
$WOiQWLFRGHSDUWPHQW ,QWKHILUVWVWDJHRI WKHVWXG\WKHLUULJDWLRQZDWHUUHTXLUHPHQWVZHUH
GHWHUPLQHG E\ XVLQJ WKH VRIWZDUH &523:$7 WR DVVHVV WZR GLIIHUHQW FURS SDWWHUQV WKDW
UHSUHVHQW H[LVWLQJ IHDVLEOH DOWHUQDWLYHV IRU VPDOO IDUPHUV LQ WKH UHJLRQ L D FRPPRQ FURS
SDWWHUQZKLFK UHSUHVHQWV WKHFXUUHQWDYHUDJHGLVWULEXWLRQRIFURSV IRU VXEVLVWHQFH IDUPLQJ
DQG LL D IUXLW FDVK FURS SDWWHUQ WKDW FRPSULVHV FURSV IRU ZKLFKZHOO HVWDEOLVKHGPDUNHWV
H[LVWLQWKHUHJLRQ6RODUZLQGDQGGLHVHOEDVHGSXPSLQJV\VWHPVZHUHVL]HGEDVHGRQWKH
FURSZDWHUGHPDQGVIRUKD7KHXQLWLUULJDWLRQFRVWVRIWKHWKUHHWHFKQRORJLHVWKHWZRFURS
SDWWHUQVDQG WKH WKUHH LUULJDWLRQPHWKRGV VXUIDFH VSULQNOHUDQGGULSZHUHFDOFXODWHGDQG
FRPSDUHG7KHHFRQRPLFDQDO\VLVZDVFRPSOHPHQWHGE\DFRVWEHQHILWDQDO\VLVVSDQQLQJ
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\HDUV2XUUHVXOWVVKRZWKDWERWK WKHUHQHZDEOHHQHUJ\EDVHGSXPSLQJV\VWHPVZLQGDQG
VRODUFDQPHHWWKHLUULJDWLRQZDWHUGHPDQGVRIVPDOOIDUPHUVLQWKHUHJLRQ7KHHFRQRPLF
DQDO\VLV VKRZV WKDW ZLQGPLOOV DUH WKH PRVW FRVW HIIHFWLYH VROXWLRQ ZLWK VRODU SXPSLQJ
V\VWHPV LQ VHFRQG SODFH'LHVHO SXPSLQJ V\VWHPV DUH WKH OHDVW FRVW HIIHFWLYH HYHQZKHQ
WKH\ GR QRW UHTXLUH FDSLWDO LQYHVWPHQW IRU ZDWHU VWRUDJH WDQNV 7KH FRVW EHQHILW DQDO\VLV
GHPRQVWUDWHVWKDWQRQHRIWKHLUULJDWLRQV\VWHPVDUHILQDQFLDOO\IHDVLEOHIRUSURYLGLQJZDWHU
LQDFRPPRQFURSSDWWHUQ,QWKHFDVHRIWKHIUXLWFDVKFURSVFHQDULRWKHKLJKHVWGLYLGHQGV
ZHUHREWDLQHGE\WKHZLQGSXPSLQJV\VWHPDQGWKHORZHVWGLYLGHQGVE\WKHGLHVHOSXPSLQJ
V\VWHP 7KH ORZHVW SD\EDFN SHULRG ZDV REWDLQHG E\ WKH ZLQGPLOOV  \HDUV DQG WKLV
SD\EDFNSHULRGFRXOGHYHQEHVKRUWHQHGWR\HDUVLIWKHVXUSOXVZDWHUZDVXVHGWRLUULJDWH
ODUJHUDUHDV
.H\ZRUGV VRODU SXPSLQJZLQG GLHVHO LUULJDWLRQZDWHU SXPSLQJ FRVW EHQHILW DQDO\VLV
FDVKFURSV
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:DWHU SXPSLQJ V\VWHPV SRZHUHG E\ VRODU DQG ZLQG HQHUJ\ DUH D FOHDQ GHFHQWUDOLVHG DQG
HFRQRPLFDO DOWHUQDWLYH IRU WKH LUULJDWLRQ RI FURSV 6RODU DQG LQ SDUWLFXODUZLQG SXPSLQJ LUULJDWLRQ
V\VWHPV KDYH EHHQ XVHG IRU PDQ\ \HDUV E\ IDUPHUV LQ GHYHORSLQJ FRXQWULHV :LQG SRZHU ZDV
WUDGLWLRQDOO\WKHPRVWXVHGHQHUJ\VRXUFHIRUSXPSLQJ6LQFHWKHHDUO\VVRODUSXPSLQJV\VWHPV
KDYHVWDUWHG WREHFRQVLGHUHGDVDOWHUQDWLYHV WRZLQGSXPSLQJ ,Q UHJLRQVZKHUHZDWHU LV VFDUFHDQG
WKHUHLVQRDFFHVVWRJULGHOHFWULFLW\WKHVHUHQHZDEOHHQHUJ\SXPSVDUHDIHDVLEOHDOWHUQDWLYHWRGLHVHO
SRZHUHGSXPSV&XUUHQWO\KDOIRIWKHELOOLRQSHRSOHZKRVXIIHUIURPZDWHUVFDUFLW\OLYHLQRIIJULG
DUHDV>@7KLVIDFWLOOXVWUDWHVWKHVWURQJUHODWLRQVKLSEHWZHHQZDWHUDQGHQHUJ\DQGKLJKOLJKWVWKHQHHG
IRU DSSURSULDWH DOWHUQDWLYHV ZKLFK FRXOG EH UHVROYHG E\ GHSOR\LQJ VRODU DQG ZLQG ZDWHU SXPSLQJ
V\VWHPV LQFRPELQDWLRQZLWK LUULJDWLRQ WHFKQLTXHV ,QDJULFXOWXUH WKHSURGXFWLYLW\RI ODQGXVHFDQEH
LQFUHDVHGE\WDNLQJPHDVXUHVWKDWHQKDQFHWKHHIILFLHQWXVHRIZDWHUDQGHQHUJ\,UULJDWLRQLVQHHGHGLQ
RUGHU WR LQFUHDVH IRRG SURGXFWLRQ IDUPLQJ WKDW XVHV LUULJDWLRQ SURGXFHV \LHOGV WKDW DUH DURXQG 
WLPHVJUHDWHUWKDQWKRVHZKHUHRQO\UDLQZDWHULVXVHG>@7KLVDXWRPDWLFDOO\PHDQVWKDWWKHDPRXQWRI
HQHUJ\ FRQVXPHG IRUZDWHU SXPSLQJ UHODWHV GLUHFWO\ WR WKH GHSWK RI WKHZDWHU WDEOH 7KH XVH RI DQ
DSSURSULDWHLUULJDWLRQV\VWHPFDQKHOSWRVROYHWKLVWUDGHRIILQSURGXFWLYLW\
$PRQJWKHDGYDQWDJHVRIVRODUDQGZLQGZDWHUSXPSLQJV\VWHPVLQFRPSDULVRQWRGLHVHOSXPSVDUH
WKHIDFWWKDWWKH\GRQRWGHSHQGRQIRVVLOIXHOVUHTXLUHOHVVPDLQWHQDQFHZKLFKPHDQVWKHPLQLPDOXVH
RI IXHO OXEULFDQWV DQG VSDUH SDUWV DQG D FRUUHVSRQGLQJ PLQLPDO QHHG IRU VNLOOHG ODERXU IRU
PDLQWHQDQFH DV ZHOO DV WKHLU FRQWULEXWLRQ WR WKH UHGXFWLRQ LQ &2 HPLVVLRQV $GGLWLRQDOO\ WKH
,QWHUQDWLRQDO2II*ULG5HQHZDEOH(QHUJ\&RQIHUHQFH,25(&KDVXQGHUOLQHGWKHXQLTXHRSSRUWXQLW\
IRU UHQHZDEOH HQHUJLHV WR SRZHU SXPSLQJ DQG LUULJDWLRQ V\VWHPV LQ UXUDO DUHDV DV D UHVXOW RI WKH
LQFUHDVLQJFRVWFRPSHWLWLYHQHVVRIRIIJULGUHQHZDEOHHQHUJ\WHFKQRORJLHVRQDOLIHF\FOHEDVLV>@
7KHUHLVDQHHGWRSURPRWHWKHXVHRIGHFHQWUDOLVHGVROXWLRQVLQUXUDODUHDVLQRUGHUWRGLYHUVLI\WKH
HQHUJ\VXSSO\RSWLRQVIRULUULJDWLRQ&XUUHQWO\LQ&RORPELDLUULJDWLRQPDQDJHPHQWLVFHQWUDOLVHGE\WKH
,UULJDWLRQ'LVWULFWV7KHODVWRIWKH,UULJDWLRQ'LVWULFWVZDVFRQVWUXFWHGLQWKHODWHVDWLPHZKHQ
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PDVVLYHLQYHVWPHQWLQLUULJDWLRQZDVPDGHE\LQWHUQDWLRQDOILQDQFLQJLQVWLWXWLRQVVXFKDVWKH:RUOG
%DQN >@ +RZHYHU FXUUHQWO\ RQO\  RI WKH SRWHQWLDO LUULJDWLRQ DUHD LV LUULJDWHG E\ ,UULJDWLRQ
'LVWULFWVDQGWKHDFWXDOPD\HYHQEHORZHUDVWKHRSHUDWLRQV	PDLQWHQDQFHKDYHQRWDOZD\VEHHQ
SURSHUO\KDQGOHGE\WKHJRYHUQPHQWHQWLWLHVZKRJHQHUDOO\RZQWKHV\VWHPV>@
7KH DUHDVRI&RORPELDZLWKJRRGZDWHU UHVRXUFHV DUHPRVWO\ FRQFHQWUDWHG LQ WKH3DFLILF DQG WKH
$PD]RQ UHJLRQV $OWKRXJK WKH 1DWLRQDO 3UHFLSLWDWLRQ ,QGH[ LV RYHU PP\HDU LQ SDUWV RI WKH
&DULEEHDQ &RDVW DQG WKH (DVWHUQ 3ODLQV VXEKXPLG FOLPDWHV  WKH UDLQIDOO RQO\ DPRXQWV WR 
PP\HDUPHDQLQJ WKDW LUULJDWLRQ LV LPSRUWDQW IRUJXDUDQWHHLQJFURSJURZWKDQGGHYHORSPHQWGXULQJ
WKH GURXJKW SHULRGV WKDW FDQ RFFXU GXULQJ WKH FURS VHDVRQ > @ 7KH VHDVRQDO YDULDWLRQV LQ
SUHFLSLWDWLRQPDNHLWQHFHVVDU\WRGHVLJQV\VWHPVWKDWFDQHQVXUHZDWHUVXSSO\LQGU\SHULRGV
7KHRYHUDOODLPRIWKLVVWXG\LV WRFRQGXFWDFRPSDUDWLYHDQDO\VLVEHWZHHQVRODUZLQGDQGGLHVHO
SXPSLQJEDVHGRQDQHFRQRPLFIHDVLELOLW\DQGFDVKIORZDQDO\VLVDSSURDFK7KHIRFXVRIWKHVWXG\LV
WRH[SORUHWKHIHDVLELOLW\RIUHQHZDEOHHQHUJ\EDVHGLUULJDWLRQV\VWHPVIRUVPDOOVFDOHIDUPLQJV\VWHPV
ZKLFKDUHW\SLFDOLQWKHFDVHVWXG\DUHD7RWKDWHQGDPHWKRGRORJ\LVSURSRVHGWKDWLVDEOHWRFDSWXUH
WKH WHFKQLFDO DQG HFRQRPLF SHUIRUPDQFH RI WKH WKUHH PDMRU V\VWHPV LPSOLHG LH WKH SXPSLQJ WKH
LUULJDWLRQ DQG WKH FURS V\VWHPV 7KLV OHDGV WR WKH GHYHORSPHQW DQG DQDO\VLV RI  VFHQDULRV ZKLFK
FRPELQH WKUHH SXPSLQJ WHFKQRORJLHV VRODU ZLQG DQG GLHVHO WKUHH LUULJDWLRQ PHWKRGV VXUIDFH
VSULQNOHUDQGGULSDQGWZRFURSVFHQDULRVFRPPRQFURSDQGFDVKFURS$OOWKHVFHQDULRVDVZHOODV
WKHGHILQLQJSDUDPHWHUVDUHEDVHGRQGDWDIURPORFDOO\DYDLODEOHWHFKQRORJLHVSUDFWLFHVDQGSULFHV
'HVFULSWLRQRIWKHFDVHVWXG\
7KHPXQLFLSDOLW\RI3LRMyZDV VHOHFWHG DV WKH FDVH VWXG\DUHD 3LRMyZDV VHOHFWHGEHFDXVH LW LV D
UHSUHVHQWDWLYH FDVH RI D UXUDOPXQLFLSDOLW\ LQ D VHPLDULG UHJLRQ RI WKH FRXQWU\ZLWKRXW FHQWUDOLVHG
LUULJDWLRQVFKHPHVDQGLVDPXQLFLSDOLW\ZKLFKLVQRWWRRIDUIURPDPDMRUXUEDQFHQWUHLHDPDUNHW
IRU DJULFXOWXUDO SURGXFH ,W LV ORFDWHG LQ WKH QRUWK ZHVW RI WKH $WOiQWLFR GHSDUWPHQW LQ 1RUWKHUQ
&RORPELD ,W LV SDUW RI WKH&DULEEHDQSODLQ DQGERUGHUV WKH&DULEEHDQ 6HD LQ WKH QRUWK WKH*XDMLUD
3HQLQVXODLQWKHQRUWKHDVWDQGWKHPLGGOH0DJGDOHQDYDOOH\LQWKHVRXWK7KHPXQLFLSDOLW\KDVDQDUHD
RINPðDQGDSRSXODWLRQLQRI7KHSRSXODWLRQLVSUHGRPLQDQWO\UXUDODQGLQKDELWDQWV
OLYHLQVPDOOWRZQVDQGYLOODJHVZKLFKLVLQFRQWUDVWWRWKHQDWLRQDODQGGHSDUWPHQWDOWUHQGVRIXUEDQ
PLJUDWLRQ7KHQH[W LPSRUWDQWUHIHUHQFHFLW\LV%DUUDQTXLOOD WKHFDSLWDORI WKH&RORPELDQ&DULEEHDQ
&RDVWNPDZD\3LRMyKDVDVHPLDULGFOLPDWHWKDWLVFKDUDFWHULVWLFRIWKHVHDVRQDOO\GU\WURSLFDO
IRUHVW'HVSLWH WKH GURXJKW FRQGLWLRQV FKDUDFWHULVWLF RI WKH WURSLFDO GU\ FOLPDWH LQ WKLV UHJLRQ VPDOO
IDUPHUVGRQRWSUDFWLFH LUULJDWLRQ DQGFDQXVXDOO\ RQO\SODQW FURSVGXULQJ VKRUWSHULRGV LQ WKH UDLQ\
VHDVRQEHWZHHQ0D\DQG1RYHPEHU
,Q 3LRMy RI WKHZRUNLQJ SRSXODWLRQ GHULYHV LWV OLYHOLKRRG IURP DJULFXOWXUH EXW WKH VKDUH RI
3LRMyDJULFXOWXUHLQWKHDJULFXOWXUDO\LHOGVRIWKH$WOiQWLFRGHSDUWPHQWLVYHU\ORZZLWKWKHH[FHSWLRQ
RI D OLPLWHGQXPEHU RI FURSV VXFK DVPLOOHW VRUJKXPDQG FRUQ7KHVH WKUHH FURSV DUH SDUWLFXODUO\
VXLWHG WR WKH VXEKXPLGFOLPDWH FRQGLWLRQV LQ3LRMy7KH YDVWPDMRULW\ RI WKH FURSV FXOWLYDWHG LQ WKH
PXQLFLSDOLW\ DUH SURGXFHG LQ WKH WUDGLWLRQDOPDQQHU ZKLFK XVHV OLWWOHPDFKLQHU\ QR LUULJDWLRQ DQG
LQDGHTXDWH IHUWLOLVDWLRQ UHVXOWLQJ LQ ORZ SURGXFWLYLW\ DQG KLJK SURGXFWLRQ FRVWV SHU KHFWDUH >@
)DUPHUVDUHREOLJDWHGWRVHOO WKHLUSRRUTXDOLW\SURGXFWVDWSULFHVORZHUWKDQWKRVHSDLGWRSURGXFHUV
IURPRWKHUPXQLFLSDOLWLHV
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DUHIHDVLEOHLQWKHVWXG\DUHD
D 7KH ÄFRPPRQ FURSெ SDWWHUQ &3 WKLV FURS SDWWHUQ UHSUHVHQWV WKH PRVW FRQYHQWLRQDOO\
DSSOLHGDJULFXOWXUDOSUDFWLFHVRIVPDOOIDUPHUV,WFRPSULVHVWKHPDLQFURSVSHFLHVFXOWLYDWHG
LQWKHPXQLFLSDOLW\DFFRUGLQJWRVWDWLVWLFDOGDWDIURP>@
E 7KH ÄFDVK FURSெ SDWWHUQ &3  WKLV UHSUHVHQWV D IDUPLQJ V\VWHP RULHQWHG WRZDUGV WKH
SURGXFWLRQRISURGXFWVZLWKKLJKHUFRPPHUFLDOYDOXH ,QWKHFDVHRI3LRMyLWFRPSULVHVWKH
FXOWLYDWLRQRI IUXLW WUHHV7KHFURSVSHFLHV VHOHFWHGDUHEDVHGRQ WKHPDLQ IUXLW FDVKFURSV
WKDWDUHFXOWLYDWHGLQWKH$WOiQWLFRDQGVXUURXQGLQJGHSDUWPHQWV>@
7KH OLVW RI WKH FURS VSHFLHV VHOHFWHG DQG WKH VKDUH WKDW WKH\ RFFXS\ LQ WKH FURS SDWWHUQ LQ D
QRUPDOLVHGODQGVL]HRIKDFDQEHIRXQGRQ7DEOHDQG7DEOH
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7KH ILUVW VWHS LQ GHVLJQLQJ DQG RSHUDWLQJ DQ LUULJDWLRQ V\VWHP LV WR HVWLPDWH WKH FURS ZDWHU DQG
LUULJDWLRQ UHTXLUHPHQWV )RU WKLV VWHS WKH FRPSXWHU SURJUDPPH &523:$7  ZDV XVHG 7KLV
VRIWZDUH ZDV GHYHORSHG E\ )$2 DQG VLPXODWHV ZDWHU EDODQFH PRGHOV E\ FRPELQLQJ FURS
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HYDSRWUDQVSLUDWLRQ UDLQIDOO LUULJDWLRQ DQG GUDLQDJH &523:$7 FDOFXODWHV LUULJDWLRQ UHTXLUHPHQWV
EDVHGRQFOLPDWLFDQGFURSGDWD(YDSRWUDQVSLUDWLRQ(7RLVHVWLPDWHGDFFRUGLQJWRWKH)$23HQPDQ
0RQWKHLWK PHWKRG E\ XVLQJ PRQWKO\ FOLPDWLF GDWD WHPSHUDWXUH UHODWLYH KXPLGLW\ ZLQG VSHHG
VXQVKLQHKRXUVDQGUDLQIDOO7KHVRLOPRLVWXUHVWDWXVLVFDOFXODWHGIURPHYDSRWUDQVSLUDWLRQUDLQIDOODQG
LUULJDWLRQ LQSXWV &523:$7 FDOFXODWHV WKH FURS ZDWHU UHTXLUHPHQWV RQ D GD\ SHULRG EDVLV E\
VXEWUDFWLQJ WKH FURS HYDSRWUDQVSLUDWLRQ XQGHU VWDQGDUG FRQGLWLRQV DQG WKH HIIHFWLYH UDLQIDOO 7KH
UHTXLUHGFURSGDWDIRUFDOFXODWLQJHYDSRWUDQVSLUDWLRQRQDVSHFLILFFURSDUHWKHFURSSODQWLQJGDWHVWKH
OHQJWKRIJURZWKVWDJHV WKHFURSFRHIILFLHQW.FYDOXHVDWWKHGLIIHUHQWJURZWKVWDJHVWKHDOORZDEOH
VRLO PRLVWXUH GHSOHWLRQ OHYHOV WKH FURS URRWLQJ GHSWK DW WKH GLIIHUHQW JURZWK VWDJHV DQG WKH \LHOG
UHVSRQVHIDFWRUV
1HWLUULJDWLRQZDWHUUHTXLUHPHQWV,:5DUHFDOFXODWHGDVIROORZV>@

,:5 .F(7R3ǻ6 

ZKHUH 3 LV SUHFLSLWDWLRQ ǻ6 WKH KXPLGLW\ FKDQJH LQ VRLO LQ WKH SUHYLRXV PRQWK (7 LV WKH
HYDSRWUDQVSLUDWLRQFRHIILFLHQWDQG.FLV WKHFURSFRHIILFLHQW7KH UHVXOWVDUHJLYHQ LQPP\HDURU LWV
HTXLYDOHQWLQPñKD\HDU
7KHGDWD DQGDVVXPSWLRQV WDNHQ IRU WKH FDOFXODWLRQRI WKH FURSZDWHU DQG LUULJDWLRQ UHTXLUHPHQWV
DUH
&OLPDWHGDWD$YHUDJHPRQWKO\FOLPDWHGDWDIURPWKHQHDUHVWZHDWKHUVWDWLRQDW%DUUDQTXLOODNP
HDVW RI 3LRMy ZDV REWDLQHG IURP WKH &OLPDW  GDWDEDVH $FFRUGLQJ WR WKH .RSSHQ FOLPDWH
FODVVLILFDWLRQ3LRMyLVFODVVLILHGLQWRWKHIROORZLQJWZRVXEUHJLRQV
x :DUPVHPLGU\DQGGU\FKDUDFWHULVHGE\ORZUDLQIDOODQGDKLJKWHQGHQF\WRDULGLW\
x :DUPVHPLDULGFKDUDFWHULVHGE\WUDGHZLQGVZLWKDGU\DQGDUDLQ\VHDVRQ
3UHFLSLWDWLRQGDWD$YHUDJHPRQWKO\SUHFLSLWDWLRQGDWDIURPWKHODVW\HDUVIRUWKHVWDWLRQRIWKH
PXQLFLSDOLW\ RI 3LRMy LQ WKH WRZQVKLS RI+LEiFKDURVZDV REWDLQHG IURP WKH ,QVWLWXWH RI+\GURORJ\
0HWHRURORJ\ DQG (QYLURQPHQWDO 6WXGLHV RI &RORPELD >@ 7KH DYHUDJH DQQXDO UDLQIDOO LQ WKH
GHSDUWPHQWUDQJHVIURPPPWRPPDQGKDVWZRGLIIHUHQWSHULRGVRQHJHQHUDOO\UDLQ\VHDVRQ
IURP0D\WR1RYHPEHUZLWKWKHPRQWKVRI$XJXVW6HSWHPEHUDQG2FWREHUEHLQJSDUWLFXODUO\ZHWD
ORQJGU\VHDVRQIURP'HFHPEHUWR$SULODQGDVKRUWGU\VHDVRQLQ-XO\
&URS SDUDPHWHUV &URS SDUDPHWHUV ZHUH REWDLQHG IRU WKH HYDSRWUDQVSLUDWLRQ FRQGLWLRQV RI WKH
VHOHFWHGFURSVE\XVLQJWKHPHWKRGRORJ\DQGGDWDIURPWKH)$20DQXDO1R>@GXHWRWKHIDFW
WKDWWKHUHLVOLWWOHLQIRUPDWLRQDERXWWKHFURSSDUDPHWHUVRILUULJDWHG6RXWK$PHULFDQFURSV>@
6RLOGDWD7KHVRLOGDWDIRUWKH&523:$7VRLOPRGXOHZDVDOVRGHULYHGIURPWKH)$20DQXDO1R
>@
,UULJDWLRQ VFKHGXOLQJ 7KH WLPLQJ RSWLRQV VXJJHVWHG LQ &523:$7 DUH XVHIXO IRU VLPXODWLQJ
GLIIHUHQW LUULJDWLRQ SUDFWLFHV DQG DUH SDUWLFXODUO\ XVHIXO IRU VLPXODWLQJ WKH \LHOG UHGXFWLRQ LQ D QRQ
LUULJDWLRQVFHQDULR$OWKRXJK&523:$7DOORZVIRUWKHVHOHFWLRQRIXSWRHLJKWWLPLQJRSWLRQVRQO\
WLPLQJ RSWLRQV ZHUH FRQVLGHUHG LQ WKLV VWXG\ LQ RUGHU WR REWDLQ VXIILFLHQW LQGLFDWLRQV DERXW WKH
UHOHYDQFHRILUULJDWLRQPDQDJHPHQWSUDFWLFHVLQWHUPVRI\LHOGUHGXFWLRQ7KHVHOHFWHGWLPLQJRSWLRQV
IRUGHWHUPLQLQJ\LHOGUHGXFWLRQVZHUH³DWFULWLFDOGHSOHWLRQ´³DWIL[HGLQWHUYDOSHUVWDJH´DQG³ZLWKRXW
LUULJDWLRQ´


,UULJDWLRQV\VWHPFRQILJXUDWLRQ
$QLUULJDWLRQV\VWHPLQFOXGHVWKHLQWHUDFWLRQRIDVHWRIFRPSRQHQWVWKDWDUHFRQILJXUHGDFFRUGLQJWR
WKHVSHFLILFQHHGVRIHDFKFURSSDWWHUQSURSRVHGLQWKLVVWXG\7KHDVVXPSWLRQVWDNHQIRUHDFKRIWKHVH
FRPSRQHQWVLVGHVFULEHGEHORZ
:HOO IHDWXUHV7KHVWDWLFKHDGKDVEHHQDVVXPHGWREHFRPPRQWRDOOVFHQDULRV ,QWKHUHJLRQWKH
VWDWLF KHDG GRHV QRW QRUPDOO\ H[FHHG P DQG DFFRUGLQJ WR H[SHUWV WKH DYHUDJH VWDWLF KHDG LQ WKH
UHJLRQ LVP WKLVYDOXHKDVEHHQDVVXPHGDVD IL[HGYDULDEOHIRUVL]LQJ WKHSXPSLQJV\VWHP>@
7KLVPHDQVWKDWWKHWRWDOKHDGRIWKHV\VWHPKDVEHHQDVVXPHGWREHFRQVWDQWDQGLVVKRZQLQ7DEOH

7DEOH7RWDOKHDGDVVXPSWLRQIRUDOOV\VWHPV
6WDWLFKHDG P
'\QDPLFKHDGFKDQJH P
+RUL]RQWDOSLSHOHQJWK P
6WRUDJHWDQNKHLJKW P
+HDGORVV P
7RWDOKHDG P
6WRUDJH WDQN ,QDSXPSLQJV\VWHPDZDWHUVWRUDJHWDQNLVHVVHQWLDO7KHVWRUDJHWDQNDOORZV IRU WKH
VWRUDJH RIZDWHU IRU XVH DW WLPHV RI KLJK GHPDQG7KH VWRUDJH FDSDFLW\ UHFRPPHQGHG IRU LUULJDWLRQ
V\VWHPV IHG E\ UHQHZDEOH SXPSLQJ V\VWHPV LV EHWZHHQ  DQG  GD\V >@ +RZHYHU DIWHU VRPH
LQLWLDOFDOFXODWLRQVLWEHFDPHFOHDUWKDWDVWRUDJHFDSDFLW\RIPRUHWKDQGD\ZRXOGOHDGWRLPSUDFWLFDO
YROXPHVRIZDWHUVWRUDJH7KHGHFLVLRQZDVWKHUHIRUHPDGHWRVL]HWKHVWRUDJHWDQNYROXPHDVVXPLQJ
DVWRUDJHFDSDFLW\RIGD\VLQWKHPRQWKRIKLJKHVWZDWHUGHPDQG
3UHVVXUH IRU WKH LUULJDWLRQ V\VWHP :DWHU SUHVVXUH LV QHHGHG IRU WKH VSULQNOHU DQG GULS LUULJDWLRQ
PHWKRGV6SULQNOHULUULJDWLRQUHTXLUHVZDWHUSUHVVXUHRIEHWZHHQDQGEDUZKHUHDVGULSLUULJDWLRQ
UHTXLUHVRQO\WREDU>@,QRUGHUWRGLVWULEXWHZDWHUWRWKHVSULQNOHULUULJDWLRQOLQHVDPXOWLVWDJH
FHQWULIXJDOERRVWHUSXPSSRZHUHGIURPVRODUSDQHOVLVLQFOXGHGLQWKHFRVWVRIWKHVSULQNOHULUULJDWLRQ
V\VWHP7KHSUHVVXUHQHHGHGIRUGULSLUULJDWLRQLVDVVXPHGWREHREWDLQHGIURPWKHKHLJKWRIWKHZDWHU
FROXPQLQWKHVWRUDJHWDQN:DWHULVJUDYLW\GLVWULEXWHGDWDORZSUHVVXUHRIPKHDGWKURXJKGULS
LUULJDWLRQOLQHV
3XPSLQJV\VWHPVVL]LQJ

7KHVRODUSXPSLQJV\VWHPZDVVL]HGE\XVLQJ WKHSURJUDPPH396<67DVRIWZDUHSDFNDJHIRU
WKHVWXG\VL]LQJDQGGDWDDQDO\VLVRIFRPSOHWH39V\VWHPVLQFOXGLQJ39SXPSLQJV\VWHPV396<67
GHGXFHVWKHSXPSHOHFWULFDODQGDUUD\QRPLQDOSRZHUIRUWKHJLYHQZDWHUQHHGV7KHSXPSLQJV\VWHP
IRUWKHLUULJDWLRQKDVEHHQDVVXPHGWREHDGHHSZHOOSXPSLQJV\VWHP$FFRUGLQJWRWKHUHVXOWVRIWKH
396<67 VLPXODWLRQ WKH VRODU SXPS /RUHQW] 36 &6- ILWV WKH WHFKQLFDO QHHGV RI DOO VL[
VFHQDULRVWKDWXVHVRODUSXPSLQJ7KHWHFKQLFDOVSHFLILFDWLRQVRIWKLVSXPSW\SHDUHVKRZQLQ7DEOH



7DEOH6RODU3XPSWHFKQLFDOVSHFLILFDWLRQV
0RGHO 36&6-
0377FRQYHUWHU 36&RQYHUWHU
0RWRUW\SH '&PRWRUEUXVKOHVVZLWK0377LQSXWFRQYHUWHU
0LQ033RSHU9ROWDJH 9
0D[033RSHU9ROWDJH 9
0D[3RZHU :
0D[3XUUHQW $

7KH ZLQGPLOO ZDV VL]HG EDVHG RQ WKH VL]LQJ DSSURDFK XVHG E\ WKH ORFDO ZLQGPLOO PDQXIDFWXUHU
Ä-REHUெ -REHU KDV D VLPSOLILHG GLDJUDP WKDW HQDEOHV WKH VHOHFWLRQ RI D ZLQGPLOO DFFRUGLQJ WR WKH
YROXPHKHDGSURGXFWQHHGV7KH VWDUW SRLQW IRU VL]LQJ WKH V\VWHP LV WRNQRZ WKHKHDGDQG WKHGDLO\
ZDWHU QHHGV YROXPHKHDG SURGXFW LQ WKH GHVLJQPRQWK$ GHVLJQPRQWKPHDQZLQG VSHHG LV WKHQ
DVVLJQHGWRWKLVYDOXH7KHGHVLJQPRQWKLVIRXQGE\FDOFXODWLQJWKHPRQWKZLWKWKHKLJKHVWUHIHUHQFH
DUHD ZKLFK LV WKH UDWLR EHWZHHQ WKH K\GUDXOLF SRZHU UHTXLUHPHQWV DQG WKH ZLQG SRZHU UHVRXUFH
)LQDOO\WKHDSSURSULDWHZLQGPLOOUHIHUHQFHFDQEHFKRVHQ
,QRUGHUWRVL]HWKHZLQGSXPSLQJV\VWHPZLQGVSHHGVZHUHWDNHQIURPWKHPRQWKO\DYHUDJHZLQG
PHDVXUHPHQWVEHWZHHQDQGIURPWKH:LQG(QHUJ\$WODVRI&RORPELD5HJLRQDOYDULDELOLW\
RIZLQGVSHHGKDVEHHQWDNHQLQWRDFFRXQWLQRUGHUWRHVWLPDWHWKHQXPEHURIKRXUVWKDWWKHZLQGPLOO
ZRXOG SURGXFH UHOLDEOHZDWHU SXPSLQJ7KH:LQG(QHUJ\$WODV RI&RORPELD DOVR JLYHV LQGLFDWLRQV
DERXW WKLVYDULDELOLW\ IRUGLIIHUHQW FOLPDWRORJLFDO VWDWLRQV$FFRUGLQJ WR3LQLOOD >@ WKH UDQJHRI WKH
PRVWXVHIXOZLQGVSHHGLVEHWZHHQPVDQGPVRIWKHDQQXDODYHUDJHZLQG
YHORFLW\7KLVDVVXPSWLRQZDVXVHGIRUHVWLPDWLQJ WKHQXPEHURIKRXUV LQZKLFK WKHZLQGPLOOFRXOG
DFKLHYHUHOLDEOHZDWHUSXPSLQJ7DEOH

7DEOH'DLO\QXPEHURIKRXUVRIUHOLDEOHZLQGIRUZDWHUSXPSLQJ
 -DQ )HE 0DUFK $SULO 0D\ -XQH -XO\ $XJ 6HSW 2FW 1RY 'HF
+RXUVRI
UHOLDEOH
ZLQGVSHHG
           

,QRUGHUWRVL]HWKHGLHVHOSXPSLQJV\VWHPWKH:RUOG%DQNQRPRJUDPIRUWKHDSSUR[LPDWHVL]LQJRI
HQJLQHGULYHQSXPSVZDVXVHG>@$FFRUGLQJWRWKLVQRPRJUDPWKHGLHVHOSXPSFDQEHVL]HGEDVHG
RQWKUHHIDFWRUVWKHQXPEHURIKRXUVRIRSHUDWLRQSHUGD\WKHGHUDWLQJIDFWRUDQGWKHK\GUDXOLFSRZHU
UHTXLUHPHQWV'HSHQGLQJRQWKHQXPEHURIKRXUVRIRSHUDWLRQDQGWKHK\GUDXOLFSRZHUUHTXLUHPHQWV
VHOHFWHG WKH DSSURSULDWH GLHVHO SXPS VL]H ZRXOG EH EHWZHHQ  DQG  N: 7KH SXPSPDQXIDFWXUHU
%DUQHVRIIHUVGLHVHOSXPSVLQWKHUDQJHRIEHWZHHQDQG+3±N:7KHOHDVWSRZHUIXO
SXPS DYDLODEOH  +3 UDWHG SRZHU ZDV FKRVHQ IRU WKH GLHVHO V\VWHP VL]LQJ FDOFXODWLRQV 7KLV
FRUUHVSRQGVWRWKH%DUQHVSXPSVUHIHUHQFH+'>@


6XSSO\RISXPSHGZDWHU
7KHZDWHUVXSSOLHGE\HDFKWHFKQRORJ\GLIIHUVIURPWKHLUULJDWLRQGHPDQGDQGWKHUHIRUHQHHGVWREH
GHWHUPLQHGIRUFDOFXODWLQJWKHZDWHUSXPSLQJFRVWRIHDFKP7KLVFDOFXODWLRQWDNHVDV LWVEDVLV WKH
SXPSLQJIORZUDWHRIHDFKSXPSLQJV\VWHPDVIROORZV
6RODU 3XPSLQJ 396<67 JHQHUDWHV YDOXHV RI ZDWHU SXPSHG GHSHQGLQJ RQ WKH 39 V\VWHP VL]H
VHOHFWHGIRUHDFKVFHQDULR7KHVHUHVXOWVZHUHXVHGWRGHQRWHWKHYROXPHRIZDWHUVXSSOLHGE\WKH39
SXPSLQJV\VWHP
:LQG3XPSLQJ7KHZDWHUVXSSO\ZDVFDOFXODWHGEDVHGRQWKHSXPSLQJIORZUDWHRIHDFKZLQGPLOO
DVVXPHGLQHDFKVFHQDULRDQGWKHGDWDRQWKHGDLO\KRXUVRIUHOLDEOHZLQG
'LHVHO3XPSLQJ7KHZDWHUVXSSO\LVDVVXPHGWREHWKHVDPHDVWKHZDWHUGHPDQG
(FRQRPLFDQDO\VLV
2QFHWKHDSSURSULDWHVRODUZLQGDQGGLHVHOSXPSLQJV\VWHPVDUHVL]HGIRUHDFKVFHQDULRWKHQH[W
VWHSLVWKHHFRQRPLFDQDO\VLVZKLFKHYDOXDWHVWKHSURILWDELOLW\RIWKHLQYHVWPHQWEDVHGRQWKHXVHUெV
SHUVSHFWLYH7KLVDQDO\VLVHQDEOHVDFRPSDULVRQWREHPDGHEHWZHHQWKHXQLWZDWHUFRVWVRIWKHVRODU
ZLQGDQGGLHVHOSXPSLQJV\VWHPV7KHUHVXOWVDUHH[SUHVVHGDVXQLWZDWHUFRVW¼PñE\GLYLGLQJWKH
WRWDODYHUDJHDQQXDOFRVWDQQXLW\E\WKHWRWDODQQXDOYROXPHRIZDWHUVXSSOLHG
7KHLQYHVWPHQWFRVWVDUHFRQYHUWHGLQWRDQDYHUDJHDQQXDOFDSLWDOFRVWFDOOHGWKHDQQXLW\XVLQJWKH
IROORZLQJIRUPXOD>@

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ZKHUHDLVDQQXLW\39LVWKHSUHVHQWYDOXHGLVWKHGLVFRXQWUDWHDQGQLVWKHQXPEHURI\HDUV7KLV
LV WKHDPRXQWRIPRQH\ WREHSDLGHYHU\ \HDU DVVXPLQJ WKDW WKH LQYHVWPHQWZDV ILQDQFHG WKURXJKD
ORDQDQGFRYHUV WKH UHSD\PHQWRI WKH LQLWLDO LQYHVWPHQWDQG WKH LQWHUHVWRQ WKHGHEWV WKURXJKRXW WKH
OLIHWLPHRIWKHSURMHFW>@
)XWXUH FRVWV WKDW RFFXU DW GLIIHUHQW WLPHV HJ DGGLWLRQDO LQFRPH IURP FURSV UHSODFHPHQWV DQG
2	0 FRVWV DUH FRQYHUWHG LQWR SUHVHQW YDOXHV 7ZR GLIIHUHQWPHWKRGV DUH XVHG IRU FDOFXODWLQJ WKH
FRVWV LQ SUHVHQW YDOXHV$ ILUVWPHWKRG LV XVHG IRU FDOFXODWLQJ WKH YDOXH RI D VLQJOH IXWXUH SD\PHQW
UHSODFHPHQW FRVWV DQG D VHFRQGPHWKRG LV XVHG IRU FDOFXODWLQJ WKH WRWDO QHW YDOXH RI D UHFXUULQJ
DQQXDOSD\PHQWDQQXDOIXHOFRVWRUPDLQWHQDQFHFRVW
$VLQJOHIXWXUHSD\PHQWFDQEHFDOFXODWHGDVIROORZV
39 IY')   
:KHUHIYLVDVLQJOHSD\PHQWLQWKHIXWXUHIXWXUHYDOXHDQG')LVWKHGLVFRXQWIDFWRUIRUDVLQJOH
IXWXUHSD\PHQW
7KH GLVFRXQW IDFWRU ') LV FDOFXODWHG E\ FRQVLGHULQJ WKH GLVFRXQW UDWH WKH OLIHWLPH Q DQG WKH
UHODWLYH LQWHUHVW UDWH୰  ,Q WKH FDVH ZKHUH WKH SULFH RI D FRPPRGLW\ ULVHV IDVWHU WKDQ WKH JHQHUDO
LQIODWLRQ UDWH D UHODWLYH LQWHUHVW UDWHKDV WREH DSSOLHG LQ WKH FDOFXODWLRQ RI WKH')7KH IRUPXOD IRU
FDOFXODWLQJWKHSUHVHQWYDOXHZLWKWKHGLVFRXQWIDFWRULVVKRZQEHORZ
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7KHGLVFRXQWUDWHFDQEHGHGXFHGIURPWKHPDUNHWLQWHUHVWUDWH7KHPDUNHWLQWHUHVWUDWHLVGHILQHG
E\5LJJVHWDO>@
  ULL QP  
ZKHUH LQ LV WKH QRPLQDO LQWHUHVW UDWH DQG U LV WKH LQIODWLRQ UDWH  2QFH WKHPDUNHW LQWHUHVW UDWH LV
NQRZQWKHGLVFRXQWUDWHFDQEHFDOFXODWHGXVLQJWKHIROORZLQJIRUPXOD
      VVVVVVVVVVVVVVVVVVVVVVVV
$VXPPDU\RIWKHPDLQSDUDPHWHUVDVVXPHGIRUWKHHFRQRPLFDQDO\VLVDUHVKRZQLQ7DEOH

7DEOH0DLQFRVWDVVXPSWLRQVIRUWKHHFRQRPLFDQDO\VLV
6RODUSDQHODQGVXSSRUWVWUXFWXUH ¼:S
6RODUSXPSDQGFRQWUROOHU ¼
:LQGPLOO ¼
'LHVHOSXPS ¼
39ERRVWHUSXPSIRUVSULQNOHULUULJDWLRQ ¼
6WRUDJHWDQN ¼¼GHSHQGLQJRQWKH6FHQDULR

,UULJDWLRQWHFKQRORJ\
6XUIDFH¼KD
6SULQNOHU¼KD
'ULS¼KD


&RVW%HQHILWDQDO\VLV
7KHPHWKRGRORJ\VHOHFWHGIRUHYDOXDWLQJWKHLPSDFWRIWKHSURMHFWLVWKH%HQHILWWR&RVWUDWLR%&
7KLVWRRODOORZVXVWRDVFHUWDLQZKHWKHUDQGWRZKDWGHJUHHWKHEHQHILWVRIDSDUWLFXODUSURMHFWH[FHHG
WKHFRVWV7KH%&UDWLRLVWKHUDWLRRIGLVFRXQWHGEHQHILWVWRGLVFRXQWHGFRVWVDWDJLYHQSRLQWLQWLPH
EDVH \HDU7KH GHWHUPLQLQJ IDFWRU LQ%& DQDO\VLV LVZKHWKHU WKH%& UDWLR LV HTXDO WR RU JUHDWHU
WKDQRQH>@
%& >39$OO%HQHILWV@>39$OO&RVWV@ 
7KHUHIRUHLQRUGHUWRSXUVXHWKHDQDO\VLVWKHFDVKIORZRIHDFKRIWKHVFHQDULRVZDVVLPXODWHG
)RU WKDW SXUSRVH ORFDO GDWD DERXW FURS SURGXFWLYLW\ DQG FURS SULFHV ZDV REWDLQHG 'DWD DERXW FURS
SURGXFWLYLW\ZDVWDNHQPDLQO\IURPWKH1DWLRQDO$JULFXOWXUDO6XUYH\ZKLFKFRQWDLQVGDWDDERXWFURS


SURGXFWLYLW\ IRUHDFKRI WKHPXQLFLSDOLWLHV LQ&RORPELD>@'DWDIRU WKHPXQLFLSDOLW\RI3LRMy LV
DYDLODEOHDQGZDVVHOHFWHGIRUHDFKRIWKHFRQVLGHUHGFURSV6LPLODUO\SURGXFWLYLW\GDWDIRULUULJDWHG
FURSVZDVUHVHDUFKHGLQRWKHUPXQLFLSDOLWLHVRIWKH$WOiQWLFRGHSDUWPHQWDQGLQFDVHVZKHUHWKLVZDV
QRWDYDLODEOHLWZDVWDNHQIURPRWKHUGHSDUWPHQWVLQ&RORPELD
7KH FURS ZKROHVDOH SULFHV ZHUH REWDLQHG IURP DYHUDJH VWDWLVWLFDO GDWD IRU IUXLW DQG YHJHWDEOHV
EHWZHHQ -XQH  DQG -XQH  >@ 7KH SULFHV DUH WKH \HDUO\ DYHUDJH SULFHV IRU WKHPDUNHW DW
%DUUDQTXLOOD ,QRUGHU WRFDOFXODWH WKHUHYHQXHVXQGHUUDLQIHGFRQGLWLRQVDORZHUTXDOLW\SULFH
ZDV DVVXPHG ± WKLV LV WKH DYHUDJH SULFH GLIIHUHQFH EHWZHHQ WKH DYHUDJH SULFH DQG WKH ORZHVW SULFH
IRXQGLQWKHSULFHOLVWRIIUXLWDQGYHJHWDEOHV
5HYHQXHVZHUH FDOFXODWHG \HDU E\ \HDU WDNLQJ LQWR DFFRXQW WKH H[SHFWHG \LHOGV DQG WKH LQIODWLRQ
UDWH,QWKHFDVHRIWKHIUXLWFDVKFURSSDWWHUQUHYHQXHVZHUHRQO\FRQVLGHUHGIURPWKHWK\HDURQZDUGV
GXHWRWKHIDFWWKDWIUXLWFURSVQHHGWRPDWXUHIRUVRPH\HDUVEHIRUHSURGXFLQJWKHLUILUVWIUXLWV
5HVXOWV
&URSZDWHUUHTXLUHPHQWV
7KHJURVV LUULJDWLRQ UHTXLUHPHQWV IRU WKHGLIIHUHQW LUULJDWLRQ W\SHV VXUIDFH VSULQNOHU DQGGULS
DVVXPLQJ WKH WLPLQJ RSWLRQ ³DW IL[HG LQWHUYDO SHU VWDJH´ IRU HYHU\  GD\V ZHUH FDOFXODWHG XVLQJ
&523:$7DQGDUHGLVSOD\HGLQ)LJIRUWKHFRPPRQFURSSDWWHUQDQGLQ)LJIRUWKHFDVKFURS
SDWWHUQ 7KH JUHDWHVWZDWHU UHTXLUHPHQWV DUH LQ WKH ILUVW WKUHHPRQWKV RI WKH \HDU DQG WKH GLIIHUHQW
LUULJDWLRQW\SHVVKRZTXLWHVLPLODUUHVXOWV7KHPDLQGLIIHUHQFHLVWKDW WKHFDVKFURSSDWWHUQFUHDWHVD
PRUHUHJXODUGHPDQGIRUZDWHUWKURXJKRXWWKH\HDUZKLOHLQWKHFRPPRQFURSSDWWHUQWKHUHDUHVRPH
SHULRGVZKHUHQRLUULJDWLRQZDWHULVQHHGHG
)LJ*URVVLUULJDWLRQUHTXLUHPHQWVIRUVFHQDULRVZLWKWKHÄFRPPRQFURSெSDWWHUQ

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)LJ*URVVLUULJDWLRQUHTXLUHPHQWVLQVFHQDULRVZLWKWKHÄFDVKFURSெSDWWHUQ


:LQGDQGVRODUSXPSLQJVL]LQJ
7KHUHVXOWVRIWKHVLPXODWLRQVZLWK396<67DUHVKRZQLQ7DEOH$VZHOODVWKHVXJJHVWHGSXPS
DQGDUUD\RIVRODUSDQHOVWKHV\VWHPHIILFLHQF\UDWLQJDQGWKHRIXQIXOILOOHGZDWHUGHPDQGDUHDOVR
VKRZQ  
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
7DEOH6XPPDU\RISDUDPHWHUVVXJJHVWHGE\396<67IRUVL]LQJVRODUSXPSLQJV\VWHPVLQWKH
VL[VFHQDULRVFRPSULVLQJVRODUSXPSLQJ
 6XJJHVWHGSXPSSRZHU:
6XJJHVWHG39
SRZHU:S 3XPSVHOHFWHG $UUD\VHOHFWHG
8QIXOILOOHG
ZDWHU
GHPDQG

&36XUIDFH,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 
&36SULQNOHU,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 
&3'ULS,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 
&36XUIDFH,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 
&36SULQNOHU,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 
&3'ULS,UULJ   /RUHQW]36&6-
0RGXOHV<LQJOL
:S9 

7KH SXPSLQJ V\VWHPV DV VXJJHVWHG E\ 396<67 DUH VLPLODU IRU VFHQDULRV FRPSULVLQJ WKH VDPH
LUULJDWLRQWHFKQRORJ\7KLVPHDQVWKDWWKHVHOHFWLRQRIWKHFURSSDWWHUQGRHVQRWDIIHFWWKHVL]LQJRIWKH
SXPSLQJV\VWHP,QWKHFRPPRQFURSSDWWHUQPRVWRIWKHZDWHULVQHHGHGLQWKHILUVWVHPHVWHURIWKH
\HDUGXHWRWKHORZSUHFLSLWDWLRQUDWHVLQFRQWUDVWZLWKWKHVHFRQGVHPHVWHULQZKLFKWKHFRPPRQFURSV
XVXDOO\ GR QRW QHHG LUULJDWLRQ ZDWHU IRU JURZLQJ 7KLV GHPDQG LV QRW WKH VDPH IRU WKH FDVK FURS
SDWWHUQ,QWKLVFDVHWKHLUULJDWLRQZDWHUQHHGVDUHDOVRVLJQLILFDQWGXULQJWKHVHFRQGSDUWRIWKH\HDU
DQG LQ'HFHPEHU HVSHFLDOO\ WKHUH LV DQ LPSRUWDQW GLIIHUHQFH EHWZHHQ WKH WZR FURS SDWWHUQV 7KLV LV
EHFDXVHLWLVDVVXPHGWKDWE\'HFHPEHUWKHIDUPHUVKDYHQRUPDOO\KDUYHVWHGWKHFRPPRQFURSVIURP
WKHVHFRQGVHPHVWHUDQGZLOOQRWVWDUWWKHQH[WFURSSODQWLQJSHULRGXQWLO-DQXDU\+RZHYHUVLQFHIUXLW
FDVK FURSV DUH SHUHQQLDO FURSV WKH\ FUHDWH ZDWHU GHPDQG WKURXJKRXW WKH ZKROH \HDU HVSHFLDOO\ LQ
'HFHPEHUDVLWLVDPRQWKZLWKW\SLFDOO\ORZSUHFLSLWDWLRQUDWHV
,Q WKH FDVH RI WKH ZLQGPLOO VL]LQJ WKHPRQWK ZLWK WKH KLJKHVW UHIHUHQFH DUHD ZDV 6HSWHPEHU LQ
VFHQDULRVDSSO\LQJWKHFRPPRQFURSSDWWHUQDQG1RYHPEHUIRUWKRVHDSSO\LQJWKHFDVKFURSSDWWHUQ
$OWKRXJKWKHKLJKHVWYROXPHKHDGSURGXFWVQHHGHGDUHEHWZHHQ-DQXDU\DQG0DUFKWKHVHPRQWKVDUH
DOVR FKDUDFWHULVHG E\ KLJK ZLQG YHORFLWLHV UHVXOWLQJ LQ WKH UHIHUHQFH DUHD GXULQJ WKLV PRQWK EHLQJ
ORZHU WKDQ WKH UHIHUHQFH DUHD LQ 6HSWHPEHU DQG 1RYHPEHU ZKLFK LV FKDUDFWHULVHG E\ ORZ ZLQG
YHORFLWLHVPVLQ6HSWHPEHUDQGPVLQ1RYHPEHU 6FHQDULRVXVLQJVXUIDFHLUULJDWLRQUHTXLUH
WKHKLJKHVWDPRXQWRISXPSHGZDWHUDQGLWLVRQO\SRVVLEOHWRPHHWWKLVGHPDQGIRUZDWHUSHUKHFWDUH
E\XVLQJWKHODUJHVWZLQGPLOOVXJJHVWHGE\-REHU5HI)RUVFHQDULRVFRPSULVLQJVSULQNOHUDQG


GULSLUULJDWLRQWHFKQRORJ\WKHGHPDQGIRUZDWHUFDQEHPHWE\WKHPHGLXPZLQGPLOOUHIHUHQFH
7DEOH

7DEOH9ROXPHKHDGSURGXFWUHTXLUHGLQWKHZLQGPLOOGHVLJQPRQWKDQGLWVFRUUHVSRQGLQJZLQGPLOO
UHIHUHQFHVXJJHVWHGE\PDQXIDFWXUHU³-REHU´
6XSSO\RISXPSHGZDWHU
7KHUHVXOWVRI WKHPRQWKO\ZDWHUVXSSO\IRUHDFKWHFKQRORJ\DUHLOOXVWUDWHGLQ WHUPVRIXQIXOILOOHG
ZDWHUGHPDQGLQUHVSHFWWRWKHZDWHUGHPDQGIRUWKH39DQGZLQGSXPSLQJV\VWHPVLQ)LJDQG)LJ
7KHVHUHVXOWVVKRZWKDWSDUWLFXODUO\ZLWKWKH39SXPSLQJV\VWHPWKHYROXPHRIPLVVLQJZDWHULVKLJK
GXULQJ WKH ILUVWPRQWKVRI WKH\HDU 7KLV LVEHFDXVH396<67VXJJHVWVDV\VWHPVL]H WKDWFDQEHWWHU
UHVSRQG WR WKH DYHUDJHZDWHU GHPDQG RI HDFKPRQWK ,Q WKH FDVH RI WKHZLQG SXPSLQJ V\VWHP WKH
YROXPHRIPLVVHGZDWHULVORZHUWKDQLQFDVHRIWKHVRODUSXPSLQJV\VWHPDQGLWLVPRUHREYLRXVLQWKH
PRQWKVRIORZHUZLQGVSHHGV6HSWHPEHUDQG1RYHPEHU

)LJ8QIXOILOOHGZDWHUGHPDQGLQVFHQDULRVZLWKWKHVRODUSXPSLQJV\VWHP
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)LJ8QIXOILOOHGZDWHUGHPDQGLQVFHQDULRVZLWKWKHZLQGSXPSLQJ

<LHOGUHGXFWLRQV
7KH&523:$7\LHOGUHGXFWLRQUHVXOWVEDVHGRQDQRUPDOUDLQ\HDUDUHVKRZQLQ7DEOHIRU WKH
FRPPRQ FURS DQG IUXLW FDVK FURS SDWWHUQV 7KH GU\ VHDVRQ 'HFHPEHU ±$SULO VKRZV D VLJQLILFDQW
UHGXFWLRQLQ\LHOGZKHQQRLUULJDWLRQLVSURYLGHG,QVRPHFDVHVWKH\LHOGUHGXFWLRQLVLHIRU
FRUQDQGEHDQVLQILUVWVHPHVWHUZKLFKPHDQVWKDWWKHRUHWLFDOO\LWZRXOGQRWEHSRVVLEOHWRFXOWLYDWH
WKRVHFURSVLQWKHSHULRGVWXGLHGLQDUDLQIHGVFHQDULR

7DEOH<LHOGUHGXFWLRQVLPXODWLRQE\GLIIHUHQWWLPLQJRSWLRQV


7KHVH\LHOGUHGXFWLRQVDUHWKHEDVLVIRUFDOFXODWLQJWKHPRQHWDU\YDOXHRIHDFKLUULJDWLRQVFHQDULR
7KH UHYHQXHVDUH WKHVDPHIRUZLQGDQGGLHVHOSXPSLQJ LQDOO LUULJDWLRQPHWKRGV VXUIDFH VSULQNOHU
DQGGULSLUULJDWLRQ7KLVLVEHFDXVHWKH\LHOGUHGXFWLRQRIZLQGDQGGLHVHOSXPSLQJXQGHUZDWHUVXSSO\
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
FRQGLWLRQVVKRZVPLQLPDOGLIIHUHQFHVWRWKH\LHOGUHGXFWLRQXQGHUZDWHUGHPDQGFRQGLWLRQV6RODU
SXPSLQJUHYHQXHVGLIIHUE\GLIIHUHQWLUULJDWLRQPHWKRGVKLJKHUUHYHQXHVDUHREWDLQHGE\WKHVSULQNOHU
DQGGULSLUULJDWLRQV\VWHPVWKDQE\WKHVXUIDFHLUULJDWLRQV\VWHP7KLVVXJJHVWVWKDWDVRODUSXPSLQJ
V\VWHPWKDWLVXQGHUVL]HGIRUWKHPRQWKRIKLJKHVWZDWHUGHPDQGFDQSURGXFHKLJKHUFURSUHYHQXHVLID
ZDWHUHIILFLHQWLUULJDWLRQPHWKRGVXFKDVVSULQNOHURUGULSLUULJDWLRQLVLPSOHPHQWHG
(FRQRPLFDQDO\VLV
5HVXOWVRI WKHHFRQRPLFDQDO\VLV IRU WKH WKUHHSXPSLQJV\VWHPVDUH LOOXVWUDWHG LQ)LJ7KH WRWDO
WHFKQRORJ\FRVWVZHUHGLYLGHGE\ WKH WRWDO \HDUO\ V\VWHPVXSSOLHGZDWHU:LQGPLOOVDUH IRXQG WREH
PRUH FRVW HIIHFWLYH WKDQ VRODU DQG GLHVHO SXPSV LQ DOO FRPELQDWLRQV RI FURS SDWWHUQV DQG LUULJDWLRQ
V\VWHPV  6RODU SXPSV DUHPRUH FRVW HIIHFWLYH WKDQ GLHVHO SXPSVZKHQ XVHG IRU WKH IUXLW FDVK FURS
SDWWHUQ'LHVHOSXPSVDUHRQO\PRUHFRVWHIIHFWLYH WKDQVRODUSXPSVZKHQ WKHFRPPRQFURSSDWWHUQ
DQG VXUIDFH LUULJDWLRQ PHWKRG DUH DSSOLHG +RZHYHU WKH SXPSLQJ FRVWV RI GLHVHO DQG VRODU EDVHG
V\VWHPVDUHYHU\VLPLODUZKHQWKHFRPPRQFURSSDWWHUQLVFRPELQHGZLWKDQ\RWKHULUULJDWLRQPHWKRG
VSULQNOHU RU GULS LUULJDWLRQ 7KHVH FRQILUP WKH UHVXOWV RI RWKHU VWXGLHV ZKLFK VXJJHVW WKDW VRODU
SXPSLQJV\VWHPVGRQRWKDYHHFRQRPLHVRIVFDOHVLQFHLQDVXUIDFHLUULJDWLRQVFHQDULRDKLJKHUDPRXQW
RISXPSHGZDWHULVQHHGHG>@ 7KHUHVXOWVRI WKHSUHVHQWDQDO\VLVFRQILUPWKDWVRODUSXPSLQJFDQ
KDYH ORZHU XQLW LUULJDWLRQ FRVWV WKDQ GLHVHO SXPSLQJ ZKHQ WKH LUULJDWLRQ UHTXLUHPHQWV DUH EHWWHU
GLVWULEXWHG WKURXJKRXW WKH \HDU ZKLFK LV WKH FDVH LQ WKH VFHQDULRV IRU WKH FDVK FURS SDWWHUQ  ,W LV
LPSRUWDQWWRSRLQWRXWWKDWLQVFHQDULRVDSSO\LQJGLHVHOSXPSLQJWKHFRVWRIZDWHUVWRUDJHLVQRWWDNHQ
LQWRDFFRXQWVLQFHLWZDVDVVXPHGWKDWZDWHUZDVSXPSHGDQGGLVWULEXWHGZKHQQHHGHG+DGWKHGLHVHO
SXPSLQJVWRUDJHWDQNFRVWEHHQFRQVLGHUHGWKHGLHVHOXQLWZDWHUFRVWZRXOGKDYHEHHQXQFRPSHWLWLYH
LQFRPSDULVRQZLWKVRODUSXPSLQJLQDOOLUULJDWLRQVFHQDULRVDVVKRZQLQ7DEOH
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,UULJDWLRQ8QLW&RVW¼Pñ
Cost of water supply 
(€/m³) 
Solar Pumping 
Cost of water supply 
(€/m³) 
Wind Pumping 
Cost of water supply 
(€/m³) 
Diesel Pumping 
 
)LJ,UULJDWLRQXQLWFRVWIRUHDFKWHFKQRORJ\DQGFURSVFHQDULR
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&RVW RI ZDWHU VXSSO\
¼Pñ
6RODU3XPSLQJ
     
&RVW RI ZDWHU VXSSO\
¼Pñ
:LQG3XPSLQJ
     
&RVW RI ZDWHU VXSSO\
¼Pñ
'LHVHO3XPSLQJ
     
&RVW RI ZDWHU VXSSO\
¼Pñ
'LHVHO3XPSLQJ
ZLWKVWRUDJHWDQN
     
&RVWEHQHILWDQDO\VLV
&DVK IORZVZHUH FDOFXODWHG IRU DOO  VFHQDULRV7KH UHVXOWV DUH VKRZQ LQ7DEOH IRU VFHQDULRV
XVLQJ WKH FRPPRQ FURS SDWWHUQ DQG LQ 7DEOH  IRU WKRVH XVLQJ WKH IUXLW FDVK FURS SDWWHUQ
$GGLWLRQDOO\ WKH UHYHQXHV REWDLQHG IRU VFHQDULRV XQGHU UDLQIHG FRQGLWLRQV ZHUH DOVR FDOFXODWHG LQ
SUHVHQWYDOXHVDIWHU\HDUV
&RPPRQFURSSDWWHUQ$OOVFHQDULRVFRPSULVLQJWKHFRPPRQFURSSDWWHUQDUHQRQSURILWDEOHRYHU
WKHZKROH SHULRG RI DQDO\VLV  \HDUVZKHQ DSSO\LQJ VRODU RU GLHVHO SXPSLQJ2QO\ WKHZLQGPLOO
ZRXOGUHVXOWLQVRPHGLYLGHQGVKRZHYHUWKHLQLWLDOSD\EDFNSHULRGZRXOGEH\HDUV,QWKDWFDVHWKH
KLJKHVWGLYLGHQGVDUHREWDLQHGE\DSSO\LQJVXUIDFHLUULJDWLRQIROORZHGE\GULSDQGVSULQNOHULUULJDWLRQ
,QJHQHUDOWKHVHUHVXOWVFRQILUPWKHHFRQRPLFXQIHDVLELOLW\RILUULJDWLRQRIDQ\W\SHLILWLVRQO\DSSOLHG
IRUVXEVLVWHQFHIDUPLQJ
)UXLWFDVKFURSSDWWHUQ$OOVFHQDULRVXVLQJWKHIUXLWFDVKFURSSDWWHUQJHQHUDWHSRVLWLYHGLYLGHQGV
DIWHU  \HDUV7KH KLJKHVW GLYLGHQGVZHUH REWDLQHG IURP WKHZLQGSXPSLQJ V\VWHP DQG WKH ORZHVW
GLYLGHQGVZHUHREWDLQHGIURPWKHGLHVHOSXPSLQJV\VWHP7KHORZHVWSD\EDFNSHULRGZDVREWDLQHGE\
WKHZLQGPLOODIWHU\HDUVDQGWKLVFRXOGHYHQEHUHGXFHGWR\HDUVLIWKHVXUSOXVZDWHUZDVXVHGWR
LUULJDWH ODUJHU DUHDV 6RODU SXPSLQJ LV PRUH SURILWDEOH IRU DOO WKUHH LUULJDWLRQ W\SHV WKDQ GLHVHO
SXPSLQJ
5HIHUHQFHVFHQDULRV UDLQIHG7KHSUHVHQWYDOXHVUHYHQXHREWDLQHGLQ UDLQIHGVFHQDULRVDIWHU
\HDUVZHUH¼IRUWKHFRPPRQFURSSDWWHUQDQG¼IRUWKHIUXLWFDVKFURSSDWWHUQ7KLVPHDQV
WKDW LQ FDVH RI WKH FRPPRQ FURS SDWWHUQ WKH GLYLGHQGV DUH DFWXDOO\ KLJKHU ZLWKRXW LUULJDWLRQ 7KLV
FRQILUPVDJDLQWKDWLQYHVWLQJLQLUULJDWLRQIRUVXEVLVWHQFHIDUPLQJLVQRWSURILWDEOH
7KH GLYLGHQGV REWDLQHG IURP WKH IUXLW FDVK FURS SDWWHUQ ZLWKRXW LUULJDWLRQ ZHUH LQ WKH UDQJH RI
EHWZHHQ ¼ DQG ¼ ORZHU WKDQ WKH GLYLGHQGV REWDLQHG ZLWK LUULJDWLRQ 7KLV WUDQVODWHV LQWR
DGGLWLRQDOLQFRPHVRIDURXQG¼SHUPRQWKDIWHUWKHVL[WKRUVHYHQWK\HDULIWKHLQYHVWPHQWLVPDGH
LQVRODURUGLHVHOEDVHGSXPSLQJ ,QFDVHVZKHUH WKHIDUPHUGHFLGHV WRSRZHU WKH LUULJDWLRQE\ZLQG
WXUELQHWKHGLYLGHQGFRXOGEHWZLFHDVPXFKDVWKHVRODUSXPSLQJGLYLGHQGVLIWKHIDUPHUGHFLGHVWR
LUULJDWHODUJHUDUHDVIRUH[DPSOHRUKHFWDUHV

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'LVFXVVLRQ
7KLV VWXG\ GUDZV FRQFOXVLRQV DERXW WKH WHFKQLFDO DQG HFRQRPLF IHDVLELOLW\ RI UHQHZDEOH HQHUJ\
SXPSLQJV\VWHPV7KHVHVWDWHPHQWVIROORZHGDVVXPSWLRQVWKDWZHUHFDUHIXOO\FKRVHQDFFRUGLQJWRWKH
FRQGLWLRQVLQWKHFDVHVWXG\DUHDDQGUHJLRQ7KHVHVWDWHPHQWVDUHYDOLGDVDILUVWDSSURDFKIRUIXUWKHU
UHVHDUFKRQ WKLV WRSLF7KLVVHFWLRQZLOO WKHUHIRUHGLVFXVVDOO WKHYDULDEOHV WKDWVKRXOGEH WDNHQ LQWR
DFFRXQWIRUIXWXUHDQDO\VLV
&URSSDWWHUQDQGFURSLUULJDWLRQUHTXLUHPHQWV
7KHVHOHFWLRQRIWKHFURSSDWWHUQIRUWKHVLPXODWLRQRIWKHLUULJDWLRQUHTXLUHPHQWVLQ&523:$7LV
EDVHGRQVWDWLVWLFDOGDWDDQGREVHUYDWLRQVGRQHLQWKHILHOG7KHFRPPRQFURSSDWWHUQFRPSULVHVWZR
KDUYHVWVHDVRQVSHU\HDU(DFKKDUYHVWVHDVRQKDVDWRWDOFURSOHQJWKRIPRQWKVVWDUWLQJLQ-DQXDU\
DQG-XO\UHVSHFWLYHO\7ZRPRQWKVLQHDFKVHPHVWHUDUHQRWSODQWHGZKLFKPHDQVWKDW WKHLUULJDWLRQ
UHTXLUHPHQWVLQWKRVHPRQWKVZHUH]HUR7KLVZDVGLIIHUHQWLQWKHIUXLWFDVKFURSSDWWHUQZKLFKKDVD
SHUPDQHQWLUULJDWLRQUHTXLUHPHQWGXULQJWKHZKROH\HDU7KHUHIRUHLWLVUHOHYDQWDWWKHEHJLQQLQJRIWKH
SURMHFW WRSURSRVHDFURSSDWWHUQ WKDW LVZHOOGLVWULEXWHG WKURXJKRXW WKH\HDU LQRUGHU WR LPSURYH WKH
SURGXFWLYLW\RIWKHIDUP


:LQGSXPSLQJV\VWHPIRUPRUHWKDQKHFWDUH
7KHZLQGPLOOZDWHUVXSSO\LQDOOFDVHVH[FHHGVWKHFURSZDWHUGHPDQGRIWKHKDFXOWLYDWHGDUHD
IRUVHYHUDOPRQWKVRI WKH\HDU ,W LV LPSRUWDQW WR UHPHPEHU WKDW WKLVFKDUDFWHULVWLFHPHUJHVIURPWKH
IDFW WKDW WKH ZLQG SXPSLQJ V\VWHPV DUH VL]HG EDVHG RQ WKH PRQWKV RI KLJKHVW UHIHUHQFH DUHD LH
6HSWHPEHUIRUWKHFRPPRQFURSVFHQDULRDQG1RYHPEHUIRUWKHIUXLWFDVKFURSVFHQDULR'XULQJWKRVH
PRQWKVWKHZDWHUVXSSOLHGE\WKHVHOHFWHGZLQGSXPSLQJV\VWHPVGRHVQRWHYHQPHHWWKHGHPDQGIRU
RQHKHFWDUH$VWKHFRVWEHQHILWDQDO\VLVRIDOOVFHQDULRVFRPSULVLQJZLQGSXPSLQJGHPRQVWUDWHGWKH
WHFKQRORJ\WREHHFRQRPLFDOO\IHDVLEOHHYHQZLWKRXWDQ\XVHEHLQJFRQVLGHUHGIRUWKHVXUSOXVZDWHU
WKHUHVHHPWREHWZRRSWLRQVIRUIXUWKHURSWLPLVDWLRQDQGIXUWKHUUHVHDUFKRILUULJDWLRQVFKHPHVEDVHG
RQZLQGDFRQVLGHULQJWKHXVHRIVXUSOXVZDWHUIRUDGGLWLRQDODUHDVDQGEFRQVLGHULQJWKHXVHRIWKH
QH[WVPDOOHVWVL]HRIFRPPHUFLDOO\DYDLODEOHZLQGPLOOV
6RODUSXPSLQJV\VWHP
7KHPRQWKO\YROXPHVXSSOLHGZDWHUIURPWKHVRODUSXPSLQJV\VWHPVL]HGZLWK396<67GRHVQRW
UHVXOW LQ KLJKZDWHU VXUSOXVHV DV LQ WKH FDVH RI WKHZLQGPLOOV 7KLV LV EHFDXVH 396<67 VXJJHVWV D
V\VWHPVL]HWKDWDFKLHYHVDWUDGHRIIEHWZHHQV\VWHPHIILFLHQF\DQGDODFNRIZDWHULQWKHPRQWKVRI
KLJKHUZDWHUGHPDQG%HWZHHQ-DQXDU\DQG0DUFKWKHPLVVLQJZDWHULVLQWKHUDQJHRIEHWZHHQ
DQGRIWKHZDWHUGHPDQG7KLVPHDQVWKDWWKHXQLWLUULJDWLRQFRVWFDOFXODWHGIRUKD)LJQHDUO\
FRUUHVSRQGV WR WKH FRVW RI WKH ZDWHU SXPSHG LI DOO WKH VXSSO\ ZDWHU ZDV WR EH XVHG IRU LUULJDWLRQ
SXUSRVHV'XULQJWKHPRQWKVRIORZZDWHUGHPDQGLHWKHVHFRQGSDUWRIWKH\HDUWKHVRODUSXPSLQJ
V\VWHPGRHVQRWWDNHDGYDQWDJHRILWVZKROHSRWHQWLDO7KLVSRWHQWLDOVXUSOXVZDWHULVQRWFRQVLGHUHGE\
396<67EHFDXVHWKHVRIWZDUHDVVXPHVWKHSXPSZLOOVKXWRIIZKHQWKHZDWHUGHPDQGLVPHW
'LHVHOSXPSLQJV\VWHP
,QUHODWLRQWRWKHXQLWLUULJDWLRQFRVWVIURPWKHGLHVHOSXPSLQJV\VWHPLWLVQHFHVVDU\WRHPSKDVLVH
WKHVLJQLILFDQWZHLJKWRIRSHUDWLRQDOIXHOFRVWVLQWKHFDOFXODWLRQV7KHGLHVHOIXHOFRVWVDUHDVVXPHG
WRLQFUHDVHSURSRUWLRQDOO\ZLWKDQQXDOLQIODWLRQUDWHV,WZDVQRWSRVVLEOHWRDQWLFLSDWHGLHVHOIXHOSULFH
HVFDODWLRQLQ&RORPELDRYHUWKHQH[W\HDUVDOWKRXJKJOREDOGLHVHOSULFHSURMHFWLRQVGRH[LVWWKHVH
ZHUHQRWFRQVLGHUHGLQWKLVVWXG\
,UULJDWLRQPHWKRG
1RQRWDEOHGLIIHUHQFHVDUHIRXQGLQWKHFDVKIORZUHVXOWV IRUVXUIDFHVSULQNOHUDQGGULSLUULJDWLRQ
V\VWHPV H[FHSWLQJ IRU LQ WKH FDVH RI VXUIDFH LUULJDWLRQ XVLQJ VRODU SXPSLQJ ,Q WKLV FDVH KLJKHU
SXPSLQJ FRVWV DUH FDXVHG E\ D ODUJHU 39 V\VWHP VL]H ,I D ZLQGPLOO  LV XVHG WKH LUULJDWLRQPHWKRG
ZRXOGKDYHDJUHDWHULPSDFWLQWKHGHFLVLRQEHFDXVHWKHIDUPHUFRXOGXVHWKHZDWHUVDYHGE\DPRUH
HIILFLHQWLUULJDWLRQV\VWHPHJVSULQNOHURUGULSIRULUULJDWLQJDQH[WUDDUHD
6WRUDJHWDQN
7KHVWRUDJHWDQNFDSDFLW\ZDVDVVXPHGWREHGD\VLQWKHPRQWKRIKLJKHVWZDWHUGHPDQG$OWKRXJK
WKLVYROXPHLVWKHORZHVWUHFRPPHQGHGE\PDQ\DXWKRUVWKLVFDSDFLW\ZDVIRXQGWREHDSSURSULDWHIRU


WKHV\VWHPGHPDQGGXULQJWKH\HDU%HWZHHQ$SULODQG'HFHPEHUWKHVWRUDJHWDQNFDQPHHWDWOHDVW
RQHGD\RIWKHZDWHUGHPDQGRUHYHQJUHDWHUYROXPHVGXULQJVRPHPRQWKV2QO\EHWZHHQ-DQXDU\
DQG 0DUFK WKH PLQLPDO  GD\V VWRUDJH VHFXULW\ ZRXOG EH YDOLG %DVHG RQ WKLV SUHPLVH DQG
FRQVLGHULQJ WKH KLJK FRQVWUXFWLRQ FRVWV RI D FRQFUHWH VWRUDJH WDQN IRU ODUJHU YROXPHV WKH  GD\V
VWRUDJHDVVXPSWLRQZDVGHPRQVWUDWHGWREHDSSURSULDWH
5HYHQXHVZLWKLUULJDWLRQDQGXQGHUUDLQIHGFRQGLWLRQV
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